Introduction
Cranial ultrasound (cUS) remains the mainstay in neonatal brain imaging as it is safe, can be performed by the bedside with very little disturbance of the sick infant on the neonatal intensive care unit and is able to predict neurodevelopmental outcome in preterm infants [1] . However, previous studies have shown that cUS detection of subtle white matter (WM) injury, which is the predominant form of brain injury in preterm infants, is often poor [2] [3] [4] . Recent studies compared sequential cUS and single cUS at term equivalent age respectively with Magnetic Resonance Imaging (MRI) at term equivalent age [5] [6] [7] . Comparison of sequential cUS and conventional MRI at term equivalent age and their relation to neurodevelopmental outcome revealed predictive values of normal to mildly abnormal WM on cUS for normal to mildly abnormal WM on MRI a sensitivity of 0.92, specificity of 0.86, positive predictive value (PPV) of 0.92 and a negative predictive value (NPV) of 0.86 [6, 7] . Hence, cUS seems a reliable tool for detecting major forms of WM injury including cPVL and parenchymal infarction, but a poorer predictor of diffuse or more subtle WM lesions [7] . Horsch et al. compared paired cUS and conventional MRI performed at term equivalent age showing that infants with normal cUS at term age had normal MRI or only mildly WM abnormalities [8] , consistent with the study by Leijser et al. [6, 7] . A study comparing cUS and MRI showed that inhomogeneous grade I WM echogenicities seen on cUS seem to correlate with subtle WM abnormalities such as punctuate WM lesions on MRI [9] . These two studies have been performed in centres of high expertise in cUS ultrasound performance and interpretation. Whether other centres with less experienced staff achieve the same high standards is questionable. Indeed, mean correct interpretation of cUS images with definite abnormalities (IVH, cPVL) was seen in only 59% (range 45-71%) of the cases in a clinical audit about neonatal cUS interpretation; assessment was performed by neonatal registrars, neonatal consultants or radiologists [10] . More subtle abnormalities such as increased periventricular echogenicities might have been seen by even fewer observers. The authors recommended formal training available to all those performing and interpreting cUS and for research studies review of the cUS images by experts should be sought [10] . Few studies have investigated the interand intraobserver agreement of cUS interpretation showing moderate interobserver agreement for mild/moderate intraventricular haemorrhages (IVH) or WM injury [11] [12] [13] [14] . More unfavourable cUS findings such as cystic periventricular leukomalacia (cPVL) [13, 14] or grade 3/4 IVH were more reliably seen by the observers [11, 12, 14, 15] . Intraobserver agreement (к 0.54-0.64) even for cystic WM injury was only moderate [13] .
The Swiss Neonatal Network has a national registry for preterm infants, which records clinical, cUS and outcome data of all preterm infants born below 32 weeks of gestation. This national database gives national and centre specific epidemiological data about the incidences of brain lesions seen by cUS. Each centre provides a cUS report, which is then entered into the database.
The aims of this study were (i) to assess variability in interpretation of cUS between observers within the Swiss Neonatal Network; and (ii) to evaluate whether level of cUS expertise influences the interobserver variability.
Methods
Ten neonatal and special baby care units within the Swiss Neonatal Network were asked to take part in this study. They were asked to send cUS image series of infants born below 32 weeks of gestation or weighing less than 1500 g at birth obtained on day 7 to 10 after birth and at 36 weeks corrected gestational age ( Table 1 ). The scanning protocol included five sagittal and six coronal images through the anterior fontanel. In the first study period (1st April 2006 and 30th June 2006), they were asked to send any cUS images independent of their findings. During the second study period (1st July 2006 to 31st March 2007) only images with pathological findings were collected. cUS images for the study cUS were performed and interpreted by registrars of the centres and reviewed by the team which then found a consensus. This was defined as original report. Each centre transferred then the original report into a provided datasheet. Depending on the hospital, the cUS images were stored as digital images or on X-ray. The images were reformatted into dicom format and anonymised so that neither patient nor centre details were visible. Fifty-eight image series were selected randomly; the distribution of the cUS findings is summarised in Table 2 . The images were sent to 27 observers with mean 14.75 ± 7.42 years of cUS experience. Neonatologists within the Swiss Neonatal Network and paediatric radiologists (n = 5) were asked to take part in the study as observers: three paediatric radiologists (n = 3) and 24 neonatologists agreed to participate as observers in the study. A smaller number of radiologists were asked to take part in the study as observers, as cUS in Switzerland are most often performed by neonatologists. The neonatologists were further split into those that were experienced (n = 12) and less experienced (n = 12). Experienced was defined as more than 5 years of experience and less experienced as less than 5 years of experience in reading cUS. The radiologists had mean 18.3 ± 5.0 years of experience in reading cUS. For the neonatologists the mean time of experience was 12.0 ± 6.1 years for the experienced and 1.87 (0.9) for the inexperienced group. Separate Kappa calculations were performed for each of these sub-groups. The observers were unaware of the original report. The only clinical information provided was gestational age at birth and age at scanning. The observers were asked to assess the images for the presence/absence of haemorrhage within germinal matrix and/or ventricles, parenchymal abnormality such as blood, periventricular echogenicities (PVE), periventricular parenchymal cysts with at least one cyst more than 2 mm [16] consistent with cPVL, or periventricular porencephalic cysts as consequence of a periventricular haemorrhagic infarction (PHI) and posthaemorrhagic ventricular dilatation according to Levene [17] . Any other pathological cUS findings should be noted as well. The observers were asked to grade the quality of the images into 1-5 with 5 being best quality and 1 being poorest quality.
Data analyses
The analyses examined the agreement between the observers, regardless of the original report. As all outcomes were measured on a binary scale, the agreement between observers could be assessed using a kappa statistics. Agreement is considered poor when Kappa less or equal to 0.2, fair when 0.21-0.40, moderate when 0.41-0.60, good when 
Results
The demographics of the infants are shown in Table 1 . Two percent of the images were assessed by the observers as quality grade 1, 14% as quality grade 2, 25% as quality grade 3, 38% as quality grade 4 and 11% as quality grade 5.
Agreement between observers
Kappa values varied by the outcome and by the group of observers.
Agreement between all observers
Agreement of all observers is shown in Table 3 . The Kappa values varied by the cUS findings. Best agreement was found for cPVL, IVH and IVH with blooding filling greater than 50% of ventricle. Agreement between all observers was moderate for PHI, and IVH with ventricular dilatation; poor agreement was found for PVE and subependymal haemorrhage (SHE). When the three major prognostic outcomes (cPVL, IVH and PHI) were combined, Kappa was moderate. Table 4 shows the agreement for radiologists and for the two groups of neonatologists. The results suggest that whilst there were some variations for different cUS findings, for the most part the Kappa values were fairly similar for the different groups of observers. The less experienced neonatologists had the lowest level of agreement for most cUS findings when compared to radiologists and experienced neonatologists. They showed poorest agreement for SEH (Kappa of 0.18 vs 0.33 of experienced neonatologist), IVH (Kappa of 0.48 vs 0.62 of radiologists) and PVE (Kappa of 0.17 vs 0.45 of radiologists) of all analysed observer groups. Radiologists showed slightly better agreement for cPVL (0.78) and PVE (0.45) than any neonatologist group (0.69/0.58 and 0.21/0.17 respectively). Poor agreement was present for PHI ( Figs. 1 and 2 ) between the radiologists: when all radiologists (n = 3) were analysed separately, very good agreement was shown between two radiologists, however not with the third. When report of each of the radiologists was compared with the original report, the best performance agreement was shown for the third radiologist.
Agreement between different groups of observers
When cPVL, IVH and PHI were combined to one outcome, Kappa was 0.7 for experienced neonatologists, 0.67 for radiologists and 0.53 for inexperienced neonatologists (Table 4) .
Discussion
Our results suggest that interobserver agreement on the interpretation of cUS varies from poor to good varying with the type of abnormality and level of expertise. We found good interobserver agreement between the 27 reviewers for major cUS abnormalities such as cPVL, IVH and PHI and poor agreement for PVE and for SEH. Thus, it seems that the observers were able to report more consistently major abnormalities, which are easier to see on cUS than subtle WM abnormalities such as PVE. This is in agreement with previous literature reporting good to excellent agreement between readers for major abnormalities such as Grade 3 or 4 haemorrhages and cPVL, but worse agreement for less severe abnormalities [12, 14, 18] . One study reported consistently more cPVL by the reviewers than by the local readers; the authors concluded therefore that the variation in interpretation of cUS findings might account for some of the reported variation in incidences of WM injury in preterm infants between the neonatal units [15] . This might be also true for the incidences of WM injury in preterm infants in Switzerland. However, the quality of many images was reported as poor by the observers and this could have influenced the interpretation of the images and hence, the interobserver agreement. It was the intention of the study to reflect the clinical practice of Switzerland and therefore the images were selected randomly independent of their quality.
The reported agreement between observers was higher in some studies [12, 14, 18] . One important difference between these studies and the present study is that in these studies fewer observers were present. In the study by Hintz et al., two paediatric radiologists with special expertise in cUS were the central readers [14] . Three people (one neonatologist, one paediatric radiologist and one neonatal nurse practitioner) were reviewing the cUS in the New Zealand study [15] and eight radiologists in the study by Corbett et al. [12] . The inclusion of so many observers with different level of experience, different speciality and from different hospitals is the strength of this study as the reported agreement might reflect much better the true level of agreement in clinical practice within the Swiss Neonatal Network.
The interobserver agreement between all observers for combined outcome was similar to other studies [18] . Radiologists showed slightly better agreement for PVE than neonatologists, however as there were only three radiologists the confidence intervals of the kappa for this group were wider than those for any other group. The only marked difference in kappa between radiologists and neonatologists was for PHI. The radiologists had poor agreement for PHI. This may be explained by different subjective opinion on classification rather than misinterpretation of the cUS findings. The less experienced neonatologists showed the lowest level of agreement within the observer groups although the differences were small and most prominent in the subtle injuries. This might be not surprising as less experienced neonatologists had less than 5 years of experience in reading cUS with a range of 1-3 years of experience and hence, their exposure to cUS was limited. US examinations depend highly on the quality of the study, used technique and equipment as well as on the familiarity with the US findings. Frequently, cUS studies are read by ''adult'' radiologists who are less experienced with cUS. Depending on the local settings and the interaction between the neonatologist and radiologist the level of expertise may vary significantly. Poor kappa values in this study suggest that cUS performance and interpretation should be improved by structured and continuous training as other units have shown that cUS well done is Figure 2 A and B. Coronal images of the same preterm infant (corrected gestational age of 36 weeks) as in Fig. 1 showing a right periventricular parenchymal cyst. This image illustrates the evolution of the injury shown in Fig. 1. effective at detecting abnormality and normality and predicting outcome [5, 6, 19] .
To support this: apart from the radiologists, none of the observers in this study had the same training in cUS performance and interpretation as no formal cUS training for neonatologists was available before the study was done. During the last 2 years, neonatal cUS courses for neonatologists and paediatricians were held in the German speaking part of Switzerland. However, these courses were not frequently visited mainly because neonatal cUS skills were not compulsory for specialisation in neonatology. cUS skills were acquired by individual training locally on neonatal units and hence dependent on the local expertise. In due time neonatal cUS will be a compulsory part in the specialisation of neonatology in Switzerland and the need for more widespread and regular training is evident. Training should occur at different levels: for beginners and ongoing training for more advanced cUS users as this study clearly shows that interobserver agreement of even experienced neonatologists and radiologists could be improved.
Each neonatologist should attend one formal standard neonatal cranial ultrasound course during his/her training. Structured and regular training should then occur locally by experienced neonatologists, so that less experienced neonatologists can acquire adequate skills and knowledge while scanning under supervision. Regular reviewing of the cUS images within a team should be done to find a consensus on the diagnosis.
The accurate interpretation of cUS has clinical and research implications. cUS helps the clinicians to guide the clinical management especially within the first few days of life and to inform parents about outcome prediction in preterm infants. If cUS is used in prediction of outcome or as outcome measure in research studies, it is essential that in order not to miss any abnormalities such as cystic changes which might be seen only during a certain time period [16] , sequential cUS should be performed beyond the first 4 weeks of life until discharge or term equivalent age [16] .
If for research studies outcome is defined as cPVL or higher grade IVH then the local report of cUS findings should be reasonable accurate, however the majority of preterm infants will show subtle cUS WM abnormalities such as homogenous/inhomogeneous increased periventricular echogenicities, ventricular dilatation and cerebral atrophy which are risk factors for later neuromotor and cognitive impairment [8] . Although it is well known that cUS is limited in diagnosing subtle WM injury compared to conventional MRI, in a large conventional MR study a substantial proportion of infants with moderate to severe WM abnormalities at conventional MR imaging were free of severe impairment at 2 years of age [19] . Neonatal units with high level of cUS expertise and sequential high resolution scanning achieved similar results with cUS [20] ; furthermore, a recent study by Horsch et al. showed a good correlation between brain growth on cUS at term equivalent age and motor, cognitive and behaviour outcomes at 3 years of age [5] . However, both cUS and MRI require considerable expertise and skills to acquire excellent images and image interpretation: training and supervision are therefore important. Further comparable cUS-MRI studies might enhance the understanding of cUS findings and its accuracy but to date, MRI might be better for defining the extent of WM injury and myelination around term equivalent age.
Conclusion
We found good interobserver agreement for major prognostic cUS abnormalities between 27 observers, but only moderate or poor interobserver agreement for less obvious cUS findings. Based on this study, these cUS data should be interpreted with caution and we suggest that for further studies a central reading system should be implemented to ensure better accuracy in interpretation of the cUS findings. Furthermore, widespread structured training should be made available to improve the performance and interpretation of cUS in Switzerland.
